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Effects of EOR on Production 
Engineers, Elm Coulee Field, Bakken 
Reservoir, Richland County, Montana 
 
Presented by Burt J. Todd 
Montana Tech 
Butte, Montana 
Bakken Artificial Lift & Production Conference,  2013 
Presentation Outline 
• Motivation 
• Enhanced Oil Recovery Study 
– Reservoir Model Building 
– History Match 
– Significant Results 
• Direction and Plan Forward 
• What does this mean for production 
engineers? 
Significance of Bakken Reserve 
• US Portion of Bakken Reservoir 
–  ≈36.5 Billion Barrels of OOIP (USGS, 2008) 
– Resource Value:≈3,650 $Billion 
• Elm Coulee Reservoir 
– ≈3.2 Billion Barrels of OOIP (Walker, 2006) 
– Resource Value: ≈ 320 $Billion 
• Butte Copper/Gold Mining (1880-1972) 
– Resource Value: 67 $Billion 
However . . . 
• Current recovery predictions hover around 
10% of OOIP 
– Recovery factors of 30-50% are common for 
conventional reservoirs 
• If we cannot improve this recovery . . .  
– The drilling boom will be over soon 
– Most of the reserve will stay in the ground 
– We will have nothing to show for this Bakken 
event except royalty checks, abandoned man 
camps, and the collective bitterness of unrealized 
potential 
Montana Tech Research 
• Elm Coulee Project 
– Evaluation of stimulation practices and recovery 
trends 
– Reservoir simulation of Enhanced Oil Recovery 
processes 
– Ultimately, development of an EOR pilot project 
• Principal Investigators: 
– John Evans 
– Leo Heath 
– Dave Reichhardt 
– Burt Todd 
Enhanced Oil Recovery 
• Goal: Evaluate Enhanced Oil Recovery Methods 
for Elm Coulee field 
• Strategy: 
– Develop an accurate geological reservoir 
description in a reservoir simulation model – 
Petrel/Eclipse 
– Validate model by matching historical Elm Coulee 
production 
– Use validated reservoir model to predict additional 
oil recovery for various water and gas injection 
strategies 
 
Elm Coulee Relative to Williston Basin 
Elm Coulee Study Area 
Study Area 
Elm Coulee Study Area 
• Six sections 
overall 
• Nine Wells 
• Townships 
23N and 
24N 
• Ranges 55E 
and 56E 
Reservoir Model Building 
• Reservoir rock description 
– Porosity/permeability relationships 
– Thickness 
• Fluid description 
– Oil and gas properties vs. Pressure 
– Relative permeability 
• Well description 
– Wellbore position  
– Fracture location, number, and conductivity 
Geologic Model 
• 63 vertical 
well logs 
adjacent to 
the study 
area 
• Formation 
tops and 
porosity 
 
Study Area 
North South 
GR φeff GR φeff 
Average History-Matched Model Properties 
Model Zone Thickness (ft) Porosity Kh (mD) 
Upper Bakken 10 0.0015 0.0005 
Middle Bakken 9 0.0564 0.0126 
Lower Bakken 3 0.0170 0.0005 
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Reservoir Model Geologic Summary 
• Only Middle Bakken is productive 
–22 feet of Bakken interval 
–9 feet of pay, based on porosity logs 
• OOIP of study area: 14.4 MMSTBO 
–2.4 MMSTBO/Section 
–Walker (2006)  5 MMSTBO/section 
– Locally thinner reservoir and lower 
porosity 
Reservoir Fluid Description 
• Larson Well, T23N, R58E 
• API Gravity: 44.06 
• Bubble Point: 1564 psi 
• Viscosity: 0.312 cP at reservoir conditions 
• GOR:  576.5 scf/bbl at Bubble Point 
• Relative Perm  taken from thesis by Shoaib, 
2008 
• Inflow can happen through fractures and un-fractured areas 
• Skin factor is applied to wellbore between hydraulic fractures 
Wellbore Description 
Skin Region 
around wellbore 
Inflow into Hydraulic Fractures 
• Five dual lateral producers 
• Four long horizontal producers 
• Fractures located according to well file descriptions 
Wellbore Placement in Study Area 
History Matching Strategy 
• Applied bottomhole pressure control to wells, 
assuming wells are pumped off  
• Wellbore skins were adjusted on seven wells to 
reduce simulated production  
• Localized fracture networks were applied 
around two wells to improve simulated 
production 
• Economic limit of 10 BOPD 


Convert Four Producers to Injection 
Injection Wells 


• All Original Producers Remain on Production (9 Wells) 
• Eight Injection wells added 
Add Eight Gas Injectors 
Injection Wells 

Modified Development Strategy 
• Drill eight new wells in 2014 
• Operate new wells as producers 
– Harvest flush production 
– Generate up front capital 
• Convert to injection in 2018 
– Injection will be rapid into depleted reservoir 
– Gas flood until depletion 



GOR Exceeds 
2000 scf/bbl 
Well is flowing 
Multiphase Flow 
Takes Over! 
• 2 7/8” tubing 
• GOR = 2000 scf/bbl 
• Well will flow 100 
bbl/day from 
10,000 feet with a 
Pwf ≈ 500 psi  
GOR = 2000 scf/bbl 
Consider Gas Lift 
• If operating beam lift in an active EOR flood 
• And if a beam pumping unit breaks down 
• Consider replacing the beam lift with Gas Lift 
– Lower initial expense 
– Possibly lower operating costs 
– You will have high pressure gas in the field 
• Easy transition to a natural flow 
– Keep gas lift in the well for kickoff purposes 
 
Infill Gas Injection Economics 
• Incremental Production by 2092: 2.9 MMSTBO 
– 79% Additional Recovery (20% OOIP) 
– Incremental Oil Response: 120 BOPD within 5 years 
• Investment Parameters: 
– Total Capital Investment: $61,000,000 
• $7 MM per well 
• $5 MM for injection, pipelines, etc. 
– Oil Price of $100/bbl 
– $5/mcf for injection gas 
• Incremental Economics 
– Pays out within 20 years 
– 1.8% Rate of Return 
Conclusions 
• Depletion will recover less than 20% of the OOIP from 
the study area. 
• Project lives will be long.   Adopt a “factory” mindset. 
• Gas injection operations will require additional 
injection wells, effectively doubling the well count 
• Hydrocarbon gas injection shows potential to improve 
recovery from the Elm Coulee study area by 75+%. 
• Economics will be challenging, but there is reason for 
optimism 
• Selection of Pilot Area is critical to the economic 
viability of Enhanced Oil Recovery 
Second-Generation Model 
• Improve wellbore description 
– Re-evaluate fracturing effectiveness 
– Use actual wellbore trajectories 
• Improve reservoir description 
– Three Forks penetration/production 
– Re-evaluate OOIP 
• Characterization of natural fractures 
• Investigate both CO2 and HC gas injection 
• Look at Water Alternating Gas (WAG) Injection 
– Control injected gas breakthrough 
Implications for Production Engineers 
• Enhanced Oil Recovery will come to the Bakken! 
• EOR project lives will be long (>40 years) 
– Dynamometers/balancing units 
– Minimize power costs 
– Corrosion control to protect flowlines, etc. 
• EOR well rates will not exceed initial well rates 
– One pumping unit size for the life of the well 
– 400-500 bbls/day initially 
– 10-50 bbls/day for many years late in life 
Implications for Production Engineers 
• GOR’s will be high 
– Downhole gas separation needed while pumping 
– Eventually some/all wells will start flowing 
• Gas lift should be considered for replacements 
as pumping units begin to fail 
– Lower investment 
– Lower operating costs 
– Easy transition to natural flow 
 
Implications for Production Engineers 
• Fields will produce, collect, and recycle a lot of 
gas.  
– Produced GOR’s from 570 scf/bbl to ≈15000 scf/bbl 
– Efficient produced fluid separation essential 
– Factory mindset – repeatable, reliable operations 
• With natural gas flood, expect no additional 
corrosion issues 
• Reservoir Engineers will propose the EOR – but 
Production Engineers will make it work! 
Questions? 
